Introduction
Fonsecaea pedrosoi was isolated in 1913 as an etiological agent of chromoblastomycosis by Pedroso and named and described by Brumpt (1922) and Negroni (1936) [1] . The taxonomy of the genus Fonsecaea has been reviewed by de Hoog et al. [2] and Najafzadeh et al. [3] . On the basis of ribosomal DNA internal transcribed spacer (ITS) sequence data, two species were recognized within the genus, i.e., F. pedrosoi and F. monophora. Traditionally the genus Fonsecaea included another species, F. compacta, described by Carrión [4] from a case in Puerto Rico. This taxon is now known to be one of the morphological mutants occurring in F. pedrosoi [3] and F. monophora [5, 6] .
Fonsecaea is an anamorph member of the Chaetothyriales, an ascomycete order that also comprises the black yeast genus Exophiala and filamentous, opportunistic pathogen relatives such as Cladophialophora, Cyphellophora, Phialophora and Rhinocladiella [5, [7] [8] [9] . It is one of the prevalent genera containing etiologic agents of human chromoblastomycosis [10] [11] [12] [13] , a chronic, cutaneous and subcutaneous infection characterized by slowly expanding skin lesions with muriform cells in tissue, provoking a granulomatous immune response [2, 14] . The disease is found worldwide, but most reports are from tropical and subtropical climates. Patients are supposed to acquire their infection after having been pricked by contaminated thorns or wood splinters [15] . In this paper we describe a new species of Fonsecaea on the basis of molecular data.
Material and methods

Fungal strains
A total of 47 strains consisting of reference strains from the Centraalbureau voor Schimmelcultures (CBS), Utrecht, The Netherlands, as well as fresh isolates from patients and the environment (Table 1) . Stock cultures were maintained on slants of 2% malt extract agar (MEA) and oatmeal agar (OA) at 24°C. For morphological studies of Fonsecaea nubica strains, MEA slide cultures were prepared and mounted in aniline blue.
Physiology
Cardinal growth temperatures of F. nubica were determined on 2% MEA plates that were incubated in the dark for 3 weeks at temperatures of 21-36°C at intervals of 3°C In addition, growth was recorded at 37°C and at 40°C.
DNA extraction
Approximately 1 cm 2 of 14-21-day-old cultures was transferred to a 2 ml Eppendorf tube containing 400 μl TEx buffer (pH 9.0) and glass beads (Sigma G9143). The fungal material was homogenized with MoBio vortex for 1 min. Subsequently 120 μl SDS 10% and 10 μl proteinase K were added and incubated for 30 min at 55°C, the mixture was vortexed for 3 min. After the addition of 120 μl of 5 M NaCl and 1/10 vol CTAB 10% (cetyltrimethylammonium bromide) buffer, the material was incubated for 60 min at 55°C. Then the mixture was vortexed for 3 min. Subsequently 700 μl SEVAG (24:1, chloroform: isoamylalcohol) was mixed carefully by hand and centrifuged for 5 min at 4°C at 20,400 g. The supernatant was transferred to a new Eppendorf tube with 225 μl 5 M NH 4 -acetate, mixed carefully by inverting, incubated for 30 min on ice water, and centrifuged again for 5 min at 4°C at 20,400 g . The supernatant was then transferred to another Eppendorf tube with 0.55 vol isopropanol and centrifuged for 5 min at 20,400 g . Finally, the pellet was washed with 1000 μl ice cold 70% ethanol. After drying at room temperature, it was re-suspended in 100 μl TE buffer (Tris 0.12% w/v, Na-EDTA 0.04% w/v).
DNA amplification and sequencing
Small subunit (SSU) rDNA amplicons were generated with primers NS1 and NS24 and were sequenced with primers BF83, Oli1, Oli9, BF951, BF963, BF1438, Oli3 and BF1419 [16] . Four gene regions were chosen for species delimitation, i.e., rDNA Internal Transcribed Spacers (ITS), partial cell division cycle gene ( cdc42 ), partial genes and introns of actin (ACT1) and β-tubulin (BT2) genes. ITS amplicons were generated with primers V9G and LS266 [17, 18] and were sequenced with primers ITS1 and ITS4. cdc42 amplification and sequencing was generated with CDC42fw and CDC42w [unpublished data]. ACT1 amplification and sequencing was generated with Esp ACTfw and Esp ACTbw. BT2 amplification and sequencing was generated with BT-2a and T2 [3] . PCR was performed in a 25 μl volume of a reaction mixture containing 7 μl Go Taq master mix (Promega) containing dNTPs, MgCl 2 
Alignment and phylogenetic reconstruction
Sequences were edited using SEQMAN in the Lasergene software (DNASTAR, Wisconsin, U.S.A). Iterative alignment was performed by hand with Bionumerics version 4.61 (Applied Maths, Kortrijk, Belgium). A phylogenetic approach was used to investigate relationships between 46 strains of Fonsecaea and one related species of Cladophialophora (C. arxii) as outgroup. For this approach, the four genes ITS, cdc42, BT2 and ACT1 were fi rst analyzed separately. Conflicts were estimated using the partition homogeneity test [19] available in PAUP* v. 4.Ob10 [20] . As the four gene partitions were incongruent (supported conflicts), they were not combinable, and four trees for four genes were constructed using the Tree Finder Algorithm (v. June 2007, by Gangolf Jobb) with 100 bootstrap replicates and edited with Mega 4 software [21] . Bootstrap values equal to or greater than 70% were considered significant [22] . To detect recombination in each population the standardized index of association (I A S , measure of multi-locus linkage disequilibrium) was calculated with MULTILOCUS V.1.2.2 (http://www.bio.ic.ac.uk). The null hypothesis for this analysis is complete panmixia (rejected when P< 0.05).
Results
Using the slowly evolving marker nucSSU rDNA and a dataset of Chaetothyriales available at CBS, Fonsecaea nubica (GU197483) were located in a clade that also contained F. pedrosoi, F. monophora, Cladophialophora saturnica, C. arxii, C. bantiana, C. emmonsii and C. minourae (tree not shown). All members of this clade except C. minourae are known to be potentially able to cause disease in humans. Species of the clade were analyzed in more detail in a multilocus study using ITS, BT2, cdc42 and ACT1 . Three clades corresponding to F. monophora, F. pedrosoi and an unnamed group showed strong support in the BT2 tree (bootstrap = 91%, 93% and 74%, respectively). High support was also obtained for F. pedrosoi with ITS and cdc42 (bootstrap = 99% and 100%, respectively), F. monophora with ITS, cdc42 and ACT1 (bootstrap = 78%, 91% and 75.5%, respectively) and for F. nubica with cdc42 and BT2(bootstrap = 86% and 74%, respectively). Partition-homogeneity test with heuristic search of four genes with 100 replicates and 167 parsimony-informative characters of 2254 total characters revealed conflict (significant heterogeneity) among the four genes ( P = 0.01). The trees (ITS, cdc42, BT2 and ACT1 ) were therefore not combined and are shown separately in Fig. 1 . The isolates grouped into three major clades (Fig. 1) are as follows; group A representing F. pedrosoi, group B representing F. monophora, and an unnamed group C. Some variable sites supported a relationship A/B, while others supported A/C. Synapomorphy study showed that group C had 23 unique positions in the four genes investigated. Standardized index of association showed that the groups did not recombine (I A S = 0.3397, P < 0.01). When the four loci were analyzed for the three groups separately, the phylogenetic structure proved to be robust, but the index of association (I A S ) to establish the degree of clonality could not be applied because of the small sample size of each population. An AFLP analysis of the same strains of Fonsecaea as noted above showed a division into three main groups that were congruent with groups A, B and C above in that A and B represented F. pedrosoi and F. monophora, respectively, and group C was the unnamed group (Fig. 2) . Cardinal growth temperatures of F. nubica voucher strains showed optimal development at 27−33°C (Fig. 3) , while growth was observed over the entire range between 21 -37°C. The maximum growth temperature of all strains analyzed was found to be 37°C, with no growth observed at 40°C. Strains analyzed and attributed to either groups A, B or C (CBS data, n =103) showed differential predilection to the mammal host. Strains of groups A (n = 46) and C (n= 14) were mainly isolated from humans, occasionally from warm-blooded animals (n = 1), or from the environment using a rodent bait (n= 4). Isolates from the environment in the Americas using direct isolation oil flotation technique according to Satow et al . [23] , yielded F. monophora (n = 4) more often than F. pedrosoi, while, in contrast F. pedrosoi was significantly more frequently isolated from chromoblastomycosis [11] . Given the consistent separation of cluster C, and its distance to A and B, we propose to recognize it as a new species with the following description: Fonsecaea nubica Najafzadeh, Sun, Vicente, Gerrits van den Ende & de Hoog, sp. nov . Figs 4 and 5. Mycobank MB 515151 -CBS 269.64. Etym.: named after the dull appearance of lesions on the body. Coloniae fere lente crescentes, olivaceo-brunneum, reversum olivaceo-nigrum. Cellulae gemmantes absentes. Hyphae leves, hyalinae vel pallide brunneae, 2.0-2.5 μm latae, 10-25 μm septata. Conidiophora semi-macronemata, septata, lateralia vel terminalia; stipites et ramoconidia denticulata. Conidia holoblastica, dilute olivacea, late clavata, unicellularia, levia, catenas brevias ramosas cohaerentes formantia, cicatricibus dilute brunneis, 3-4 × 2-3 μm. 
Discussion
In the present study we document the existence of an undescribed species of Fonsecaea, based on AFLP profiles and on sequences of ITS, cdc42, BT2 and ACT1 genes. Morphologically the genus Fonsecaea is defined by poorly differentiated, melanized conidiophores with clusters of cylindrical denticles bearing initially non-catenate conidia that eventually produce 1-2 smaller conidia [7] . In all partitions analyzed, Fonsecaea contained the following three major clades, which were supported by high bootstrap values ( Fig. 1): group A, which contains the ex-type strain of F. pedrosoi, group B, which contains the ex-type strain of F. monophora, and group C, which did not include any type strain and was introduced as a new species of Fonsecaea, F. nubica. Based on standardized index of association (I A s ), no recombination was detected between the three inferred groups and hence they were interpreted to be individual species. Teleomorphs are unknown in the Fonsecaea clade. Morphological distinction of Fonsecaea species is difficult, but their separation on the basis of multilocus data is unambiguous. Groups A-C were recognized in four genes, and also in AFLP patterns [unpublished data]. Clinically their distinction is relevant, since the species differ in pathology and virulence, despite absence of differences in the temperature relations between F. nubica and the remaining species (our data and those of Najafzadeh et al. [3] ). Fonsecaea pedrosoi and F. nubica thus far are strictly associated with chromoblastomycosis, whereas F. monophora, in addition to causing chromoblastomycosis, also affects other organs such as brain, bile and cervical lymph nodes [2, [24] [25] [26] . Out of 103 Fonsecaea strains available in the CBS culture collection and confirmed by sequencing, all clinical isolates of F. pedrosoi and F. nubica originated from chromoblastomycosis. However, 81.4% of F. monophora isolates came from chromoblastomycosis, while 9.3% were involved in brain infection and 9.3% were isolated from the environment without the use of a mammal bait. Environmental strains, when isolated without mammal bait, were more often F. monophora . Geographical distribution patterns also differ between species with 47.8% of F. pedrosoi originating from Central America, 47.8% from South America and 4.3% from other countries. In contrast, 27.9% of the isolates of F. monophora came from South America, 58.1% from China and 13.9% from other countries. Finally, 21.4% of the strains of F. nubica originated from South America, 57.1% from China and 21.4% from other countries. The origins of some strains (e.g., CBS 212.77 from the Netherlands, CBS 117236 from the USA and CBS 270.37 from France) are doubtful, as patients might have been infected while traveling abroad. Fonsecaea pedrosoi has never been proven to occur in China and is prevalent in Central and South America. Efforts to isolate environmental strains by direct methods (i.e., without rodent vector) have mainly been performed in South America [23, 27] . Strains isolated (n = 4) were more often F. monophora or hitherto undescribed sibling Fonsecaea-or Cladophialophora-like species [19, 23] , rather than F. pedrosoi which is significantly more frequently isolated from humans in the same region. This result does not match with expectations on the basis of the ratio of environmental/clinical strains (1/21.5; Table 1 and supplementary data from CBS collection). Chromoblastomycosis may be caused by traumatic inoculation of fungi from the environment, but not all species are equally efficient in causing disease. Similar differences in virulence and predilection were noted elsewhere in Chaetothyriales, e.g., in Cladophialophora [15] and Exophiala [28] .
